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[57] ABSTRACT 
A pattern forming method in which a water-soluble 
organic ?lm absorbing secondary electrons or soft X 
rays is formed on a resist layer and thereafter, pattern 
exposure, development are carried out. The water-solu 
ble organic ?lm containing halogen, sulfur, metal atom, 
etc. absorbs secondary electrons or soft X-rays which 
are generated from a mask in X-rays exposure so that 
only X-rays passed through openings of the mask are 
applied to a resist layer and a super ?ne pattern of high 
aspect ratio can be obtained. 

9 Claims, 2 Drawing Sheets 
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PATTERN FORMING METHOD BY USE OF 
X-RAY EXPOSURE 

BACKGROUND OF THE INVENTION 
This invention relates to a pattern forming method by 

use of X-ray exposure, and more particularly to a pat 
tern forming method which is capable of suppressing 
unnecessary exposure caused by secondary electrons or 
soft X-rays which are generated from a mask so that 
pattern contrast is improved. 
As the integration level of semiconductor integrated 

circuits is increased, researchers have been paying at 
tention to X-ray source as an exposure apparatus by 
which semiconductor integrated circuits are manufac 
tured. 

In X-ray lithography, development of resist materials 
which are used therefor have proceeded poorly since 
current resist materials are of low sensitivity. On the 
other hand, X-ray lithography has a problem in that 
pattern dimension is aggravated by dispersion of sec 
ondary electrons of X-ray. 
FIG. 1 shows a conventional pattern forming method 

which uses conventional resist material. In FIG. 1A, 
substrate 1 is coated with resist 2 (e.g., CMS manufac 
tured by Toyo Soda) by use of spin coating method. 
Then, in FIG. 1B, resist 2 is exposed to X-rays 4 selec 
tively through mask 5. Thereafter, in FIG. 1C, develop 
ment is carried out by use of a 1:1 mixture solution of 
isopropyl-alcohol and methyl-isobutyl-ketone to re 
move the unnecessary portion of resist 2 so that resist 
pattern 6 is formed. 

In the FIG. 1B step, when X-rays 4 are applied to 
mask 5 which is made of, for example, Au, secondary 
electrons 7 are generated from mask 5. The secondary 
electrons 7 are, then, applied to resist 2 so that a part of 
resist to which secondary electrons 7 are exposed is 
sensitized. Therefore, resist pattern 6 which is obtained 
at the FIG. 1C step is different from pattern of mask 5. 
The secondary electrons 7 may be soft X-rays. Soft 
X-rays are generated when X-rays 4 are applied to mask 

SUMMARY OF THE INVENTION 

The present invention, therefore, has as its principal 
object the provision of an improvement pattern forming 
method which is capable of solving the above-stated 
problem. 
Another object of the invention is to provide an im 

proved pattern forming method which is capable of 
suppressing unnecessary exposure caused by secondary 
electrons or soft X-rays which are generated from a 
mask so that pattern contrast is improved. 
These and other objects are accomplished according 

to the present invention, by a pattern forming method in 
which a water-soluble organic ?lm is formed on a resist 
for absorbing the secondary electrons on soft X-ray 
therein and for preventing the occurrence of unneces 
sary exposure of the resist, thereby the desired resist 
pattern being formed with high precision. 
While the novel features of the invention are set forth 

with particularity in the appended claims, the invention, 
both as to organization and content, will be better un 
derstood and appreciated, along with other objects and 
features thereof, from the following detailed description 
taken in conjunction with the drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A through 1C are sectional views showing a 
conventional pattern forming method; and 
FIGS. 2A through 2B are sectional views showing a 

pattern forming method by use of X-ray exposure as one 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Firstly, a water-soluble organic ?lm which is used in 
a pattern forming method of the invention is explained. 
The water-soluble organic ?lm contains atoms of 

large absorbing level to X-ray, electrons such as heavy 
metal, halogen, sulfur. Therefore, the water-soluble 
organic ?lm absorbs low-energy X-rays or secondary 
electrons which are generated from a mask, speci?cally 
speaking, the shield portion of the mask by the opera 
tion of the above-stated atoms of high absorbing ability, 
and the low-energy X-rays, i.e., soft X-rays or second 
ary electrons do not reach the resist layer. 

It is of course the case that X-ray which is passed 
through openings of a mask is absorbed a little by the 
water-soluble organic ?lm. However, the energy of the 
X-rays passed through the openings of the mask is much 
larger than that of X-rays passed through the shield 
portion of the mask (approximately 1000-10000 times) 
and therefore, it is possible to carry out the exposure of 
the resist layer with a sensitivity reduction of approxi 
mately 0.l—l%, which means that throughput is not 
decreased in the actual processes. 
The water-soluble organic ?lm can be formed with 

out being mixed with a resist layer which is made of 
organic solvent. When the ?lm is removed, its removal 
is accompanied by the use of water or alkaline solution 
so that a surface of the resist layer is not injured at all. 
The water-soluble organic ?lm is represented by the 

following compounds. 

@ 
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-continued 
-(-CH—CH2—CH2—CH2— 50;‘); 

5'03}! 
(m, n; integer) 

The water-soluble organic ?lm may be of water-solu 
ble organic material which contains these compounds 
and metal atoms such as Pb (CO3)2, Cr, W, Mo. 

Incidentally, in case that the ?lm contains the above 
stated metal atoms, halogen atom or sulfur atom can be 
removed from the ?lm. 
A pattern forming method as one of embodiments 

according to the invention is now explained with refer 
ence to FIGS. 2A through 2E. 

Semiconductor substrate 1 is coated with X-ray resist 
layer 2 (e.g., CMS manufactured by Toyo Soda) with 
0.5 pm thickness in FIG. 2A. Then, the above-stated 
water-soluble organic ?lm 3 is formed on said resist 
layer 2 with 0.15 pm thickness by use of spinning coat 
ing method in FIG. 2B. In this embodiment, the water 
soluble organic ?lm is represented by the following 
formula. 

‘(CH-CH2"); (n; integer) 10 g 

SO3H 
Pure water 

CHgCl 
90 g 

0 Then, in FIG. 2C, selective X-ray 4 (wavelength: 20 
A) exposure is carried out through mask 5. Then, in 
FIG. 2D, water-soluble organic ?lm 3 is removed by 
pure water, and in FIG. 2E, development is carried out 
by use of 1:1 mixture solution (alkaline solution) of 
isopropyl-alcohol and methyl-isobutyl-ketone, so that 
unexposed resist layer 2B is removed and exposed resist 
pattern 2A is formed. Pattern 2A coincides with pattern 
of mask 5 with super ?ne pattern dimension of 0.2 pm 
and high precision. Incidentally, organic ?lm 3 can be 
removed by alkaline solution for developing resist layer 
2, etc., at the same time of removal of resist °layer 2B. 
The wavelength of X-ray is not limited to 20 A by may 
be of 5-500 A where the same advantages can be ob 
tained. 
A second embodiment is now described. This em 

bodiment is almost the same as the above-described ?rst 
embodiment. The difference is that the second embodi 
ment uses a water-soluble organic material which is 
represented by the following formula. 

5031-1 10 g 

Pb (C0302 1 g 
Pure water 90 g 

Incidentally, X-rays which are used in ths invention 
may be from electron-beam-energization-type X-ray 
sources, plasma X-ray sources, or SOR (synchrotron 
radiation) light, etc. 

This invention is a pattern forming method in which 
a water-soluble organic ?lm absorbing secondary elec 
trons or soft X-rays is formed on a resist layer and there 
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after, pattern exposure, development are carried out to 
form a pattern. The water-soluble organic ?lm contain 
ing halogen, sulfur, metal atom, etc. absorbs secondary 
electrons, soft X-ray which are generated from a mask 
in X-ray exposure. Therefore, only X-rays which passes 
through openings of the mask are applied to a resist 
layer so that pattern con?guration is improved, i.e., a 
super ?ne pattern of high aspect ratio is obtained. 

Incidentally, the X-ray resist layer which is used in 
this invention is not limited to the above-stated one. 
That is, both positive and negative type resists can be 
used. As an example of a negative type X-ray resist, 
there are chlorinated polymethyl-styrene, brominated 
polymethyl-styrene and iodonatated polymethyl-sty 
rene. As examples of a positive type X-ray resist, there 
are PBS (polybutene-sulfate) and FBM (manufactured 
by Daikin; 

CH3 

-(-CH2—C ), AZl350J (manufactured by 
Hoechst). 

COOCH2CF2CHFCF3 

While speci?c embodiments of the invention have 
been illustrated and described herein, it is realized that 
modi?cations and changes will occur to those skilled in 
the art. It is therefore to be understood that the ap 
pended claims are intended to cover all modi?cations 
and changes as fall within the true spirit and scope of 
the invention. 
We claim: 
1. A pattern forming method comprising the steps of: 
forming a resist layer on a semiconductor substrate; 
forming a water-soluble organic ?lm on said resist 

layer, said water-soluble organic ?lm containing 
materials of high absorbing ef?ciency to soft X 
rays or electrons, 

selectively exposing said water-soluble organic ?lm 
on said resist layer to X-rays, 

removing said water-soluble organic ?lm and 
selectively developing said resist layer to form a resist 

pattern. 
2. The method of claim 1, wherein said X-rays are 

generated from an electron-beam-energization type 
X-ray source, plasma X-ray source or synchrotron radi 
ation light. 

3. The method of claim 1, wherein said water-soluble 
organic ?lm comprises at least one of the following 
compounds: 

-(-CH—CH7_'); (CH-CH2); 

SO3l-l CHZCI SO3l-l Cl 

(n; integer) 
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('31 (III 
-(—CH-CH-); -(-c—CI-I2-); 

CH3 SO3H CH3 SO3H 

SO3H CH3 

or 

(m, n; integer), 
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4. The method of claim 1, wherein said water-soluble 
organic ?lm contains at least one of the following met 
als: Pb, Cr, W or Mo. 

5. The method of claim 1, wherein said water-soluble 30 
organic ?lm contains 

SO3H CHgCl 

(n; integer) and pure water. 

35 

6. The method of claim 1, wherein said water—soluble 
organic ?lm contains 

and pure water. 
7. A pattern forming method comprising the steps of: 
forming a resist layer on a semiconductor substrate; 0 

forming an organic ?lm on said resist layer, said or 
ganic ?lm containing a water-soluble organic mate 
rial which contains halogen or sulfur atoms and has 

55 

60 

65 

6 
a high absorbing efficiency to soft X-rays or elec 
trons; and 

selectively exposing said water-soluble organic ?lm 
on said resist layer to X-rays, 

removing said water-soluble organic ?lm, and 
selectively developing said resist layer to form a resist 

pattern. 1 

8. The method of claim 3, wherein said X-rays are 
generated from an electron-beam-energization type 
X-ray source, plasma X-ray source or synchrotron radi 
ation light. 

9. A pattern forming method comprising the steps of: 
forming a resist layer on a semiconductor substrate; 
forming a water-soluble organic ?lm on said resist 

layer, said water-soluble organic being represented 
by: 

SO3H CH3 

(m, n: integer); 

selectively exposing said water-soluble ?lm on said 
resist layer to X-rays, 

removing said water-soluble ?lm and 
selectively developing said resist layer to form a resist 

pattern. 
* * * * * 


